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ABSTRACT 

A procedure was developed within hypothesis- testing 
logic that allows researchers to support a hypothesis that has 
traditionally been the statistical or null hypothesis. Four 
activities involved in attainment of this goal were discussed: >t1l 
development of statistical logic needed to define the sampling 
distribution associated with the hypothesis to be supported: (2) 
examination of the role of Type I and II errors and power: (3) 
definition of effect size: and (H) generation of critical values on 
noncentral samplin j distributions of a test statistic. Differences 
between the traditional procedure of rejecting the null hypothesis 
and the new procedure allowing support of hypotheses were discussed. 
Specifically, the new procedure specifies that the researcher must 
choose a trivial effect size; that the level of significance the 
experimenter controls for is the Type II (not Type I) error rate; and 
that a noncentral sampling distribution is defined by the index of 
effect size and the degrees of freedom upon which the critical region 
is located. (Author/RD) 
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Introduction 



Hypothesis-testing is often used to make statistical inferences from sarrple 
data to population characteristics. The logic of hypothesis tests is that of 
negative inference or indirect proof. In statistical hypothesis-testing a state- 
noit is made about a hypothetical population with a known parameter from which 
a specific sairple is said to have been drawn. Hhis statement was called the 
"null hypothesis" by Fisher (1949) and must be stated in terms of a parameter 
being set equal to some value. The purpose of this niill or statistical* hypo- 
thesis is to define the midpoint of the hypothetical sanpling distribution against 
vrtiich a test statistic 's value will be coiTpa.red to determine the probability of 
that value occurring by chance alone within that sairpling distribution. 

In the classical Neyimn-Pearson (1933) hypothesis-testing procedures the 
researcher initially states two hypotheses about some parameter that are nutual.ly 
exclusive: the statistical hypotherds, H^, and the alternative hypothesis, H^^. 
A probability value is chosen a priori to serve as a criterion against which the _ 
probability of the test statistic 's value will be compared. If the probability 
of the sample value is smaller than or equal to the level of significance the 
researcher ooiriludes t- l. the sanple value did not occurr by chance alone but, 
rather, falls within a different sanpling distribution so the H^^ is rejected as 



*The terms null and statistical hypothesis will be used interchangeably in this 
paper. 



false. TWO types of enors my ocair as a result of the statistical decision of 
a hypothesis test: a Type I error ocoxrs when a true is rejected, a Type II 
error occurs vjhen a falser is retained. 

IWD apprx^aches to the interpretation of the statistical decision have been 
taken by theorists follow the Fisherian and the Neyman-Pearson logic of 
hypothesis-testing. Fisher stated that the statistical decision could have been 
only to reject when the test statistic falls in the critical region or reserve 
judgement until further evidence has been gathered (1949) . Neyman-Pearson use the 
phrase "reject or accept" the statistical hypothesis as the two decision choices 
(1933) . Both viewpoints have been discussed at length by such authors as Bakkan 
(1966) , Binder (1963) , Grant (196?.) , and Rozeboom (1960) with no universally 
accepted conclusion. If one were to read the origiiial articles of Neyman-Pearson 
and others such as Lindgren (1968) and Winer (1971) as to the nature oi the sta^s- 
tical decision it wDuld becone clear that one cannot prove or disprove a hypothesis 
but can only support or fail to support it. 

Statement of the Problan 
Traditionally, the goal of a statistical hypothesis test has been to reject 
the statistical hypothesis and to support the alternative hypoUiesis. This goal 
is reflected in the setting of a low alpha level to protect against Type I errors 
and by naintaining a high probability of correctly rejecting a false H^^ which is 
called power, A problem arises when the researcher wants to support a statistical 
hypothesis. That is, there are several instances when a researcher v.-oul.d want to 
support a hypothesis that the difference between the real and hypothesized para- 
meter values is zero (the traditional H^) . There currently exist , no techniques 
within statistical hypothesis-testing that allow such a hypothesis to be supported 
with the researcher being able to control the probability of a Type II error or the 
probability of a correct decision. It was the purpose of this investigation to 
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develop a procedure within hypothesis-testing logic that allowed the traditional 

to be supported. Ihe attainn^t of this goal involved (1) developing the sta- 
tistical logic needed to define the sanpling distribution associated with the 
hypothesis to be supported, (2) examining the role of Type I and II errors and 
power, (3) defining effect size and demonstrating its key role in this procedure, 
and (4) generating critical values on roncentral sairpling distributions of a test 
statistic. Each of these activities will be described in the reminder of this 
paper. 

* 

Circumstances When the Null If/pothesis is to be Si:?>ported 
Error terms for t and F tests are often pooled without a statistical test of 
the underlying assunptions. Even when a statistical test is performed to test the 
assurrption of hsnogeneity of variance, for exairple, confusion arises as to how to 
conclude that the assumption has not been violated. The statistical hypothesis in 

this particular test WDuld be: 

TT . a^=a^ a^= 

^'123 k 

that saroples oome frx3m populations with equal variances v^ch the experimenter 
would want to support in order to conclude that the homogeneity assumption had been 
satisfied. Authors such as Kirk (1968) and Winer (1971) suggest that a level of 
significance, a = .25 be used so that the probability of naking a Type II error is 
lowered. Oomputer software packages such as SPSS (Nie, et al, 1975) and SAS (Barr, 
et al, 1976) autoirHtically include a test of honogeneity of variance in t-test as 
suggested by Hays (1963) but no guidelines are included for the appropriate level 
of significance to be used. 

A similar situation occurs when the assumption of hDirogeneity of recjression 
is tested when the analysis of covariance is used, Kerlinger and Pedhazur (1973) 
and Kirk (1968) caution against the use of ANCOVA if this assumption is not met. 
In this test tl.'s hypothesis to be supported vrould be: 
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Again, no guidelines exist for the researcher to follow to confidently supiXDrt 
this statistical hypothesis. 

Ch L-square goodness~of-fit tests present the same type of dilemna to the 
experinventer if he wants to suj^rt the hypothesis that the distribution of saiiple 
values does not differ significantly from the hypothesized distribution. 

Hhere are other instances when the researcher may want to suK»rt a hypothesis 
that a paraneter ( P; o^,p,p^,&,a, P ) is equal to a specific value. These 
instances occur in path analyses, significance tests of correlation coefficients 
used to indicate test-retest or intra-, inter- judge reliability, replication and 
validation studies, and in particular experimental designs such as the ABA design 
often used in behavior modification studies. In the ABA design, for exanple, 
it must be shown that the response rate in the A-^ and A2 periods are the same in 
order to conclude that a change in response rate during the B period is due only 
to the independent variable manipulated by the experimenter. This stipulation 
iitplies the support of either or both of the> following hypotheses: 

rfcNeil, Kelly, and NcNeil (1975) suggest testing these hypotheses at a level of 
significance as high as « = .60 "because the acceptance of the no difference 
hypothesis is here desired" (p. 434) . 

These exanples suggest that there are several circumstances when one 
might want to support a hypothesis that has traditionally been the null hypothesis. 
The classical, hypothesis-testing logic does not provide the methodology for such 
a conclusion that allows the researcher to control the probability of a correct 
decision. 



Traditional liDcation of the Critical Region 
In the traditional hypothesis test the goal is to reject and the following 
rational, is used: 

1. and H]_ are stated in tenns of a paraineter, P. 
For e-jcarrple, I^: P = 0 

Rj^: P> 0 

2. A level of - significance is chose a priori such that 

p(s> Sc| I^) =a 
where s = a test statistic 's value 

Sc = a critical value of s that defines a criti.cal region for H^. 
a = the probability of erroneously rejecting a true Hq. 

3. The sanple data are analyzed and Ss is calculated. 

4. The statistical decision to reject if Ss - Sc or not to reject 
if Ss Sc, where Ss is the sample value of s. 

If the Hq is rejected either a correct decision was mde or a Type I error occurred. 
Since a was probably chosen to be small the researcher concludes that the decision 
was correct arid he therefore, finds support for E-^, The probability of making a 
correct decision is equal to 1 - ^ and is found on the noncentral sanpling distri- 
bution of the test statistic defined by effect size and the degrees of freedom. 



In the traditional hypothesis test, if the researcher did not v^t to reject 
and the statistical decision was not to reject tvro possibilities again exist: 
a Type II error or a correct decision e This tiire the experimenter could not con- 
clude that a correct decision had been irade because he was not able to control for 
the probabililY of a Type II error. Thus, the traditional hypothesis- testing 
logic does not ctllcw one to support the statistical hypothesis with the saiT>e confi- 
dence provided by control of statistical errors. A different appxr>ach to hypothesis- 
testing must be taken if the goal of the experiment is to support a hypothesis that 
has been the null hypothesis traditionally. One approach will be described in this 
paper/ though alternative approaches have been offered by Myers (1978) and in the 
logic of Bayesian statistics. 

Proposed Procedure to Support Bq 
In this procedure the same hypotheses could be tested: 

1. F^: P = 0 

P> 0 

2. The probability of an incorrect decision is chosen a priori such that: 
p(s < Sc I P = X) =^ 

Since the desired outcome is to reject H^^ a noncentral sairpling distributio/i must 
be defined so that the critical region may be located on it rather than on- the 
usual central distribution. This noncentral sarrpling distribution of the test 
statistic is defined bi^ the parameters of effect size and the appropriate degrees 
of freedom. 

3. A "trivial" effect size, X, is chosen that is the smallest difference 
between the true and hypothesized parameter values stated in deemed to 
have no practical significance. 

4. The sanple statistic *s value Ss is found* 
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5. The H-^ is rejected if Ss - Sc and the is supported. 

When the is supported ujing this methDd two possibilities exist: a Type II 

error lias occurred or a correct decision (1 - " )* has been imde. 
Figure 2. Location of Critical Region in Proposed Method 




1-a j 




1-6 






a 







* 1 - 6 = p (rejecting a false Hq) is found on the noncentral sanpling distribution 
defined by effect size and df in a traditional liypothesis test and is called power. 
1 - a - p (retaining a true Hq) found on the central distribution in this method 
has Deyer been nan^. M/ers (1978) has proposed the use of the terrns of power I 
and power II for 1 - ^ and 1 - " respectively. 
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Tto suntnarize this new approach to hypothet^-s-testing^ when the desired out- 
cxane is to support the statistical hypothesis: jtbe researcher chooses a priori a 
snail le\7el of significance to protect against Type II error and chooses a "trivial" 
effect size which is the smallest difference between the true and hypothesized 
parameter values judged to have to practical nieaning. This effect size and tha 
appropriate degrees of freedom define a noncentral sarrpling distributdon of the 
test statistic upon which is located the critical region. The test statistic 's 
sairple value Ss is calculated and is oortipared to the Sc value. % is rejected if 
Ss ^ Sc and the H is said to be supported. 



The authors decided to chcxjse one test statistic for which a noncentral sampling 
distribution could be defined and which is used to test several different statistical 
hypotheses across research applications. 

The F statistic possesses these characteristics and was chosen as the test 
statistic in this investigation. The central J distribution is used ooirnionly to 
test the following hypotheses: 



o 



Choice of a Test Statistic 



1. 



u . v_ y= y=:.......vi 



^•123 k 



as in ANOVA 




since with df = n equals F with df-j^ =1, df2 = n 



u — u — • • • • u 

'12 k 



to test hcoTogeneity of variance 



to test homogeneity of regression 



5. 



I^: 3 = 0 H^: 3 =value 



to test regression weights 



6. 



Hq! p2 = 0 F^: p2 =val.ue 



to test population squared multiple correlation 




Indices of Effect Size 



Effect size is the degree to vMch a phanciDGnon exists in a population that 
judged to have some practical importance, or the difference between the true and 
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hypothesized paramater values that has some meaning. The noncentral sanpling 
distribution of a test statistic is defined by effect size and degrees of freedom. 
The population squared multiple correlation, ^ was chosen as the index 

2 

of effect size (ES) for this in\^stigation. Th^ P parainettii: may be interpreted 
as the proportion of variance accounted for in a dependent variable by a linear 
mDdel. Several other indices of ES have been developed for power analyses of the 

2 

F test and are shown to be related to P below: 



Cohen (1969) f = 



Winer (1971) ^ 



Tiku (1967) 
Hays (1963) 



np^ where lc=df in F ratio 



Definition of a Trivial Effect Size 
Oohen (1969) has suggested a convention to define small, medium, and large 
effect sizes in temvs of his ,f index. The three f values he suggests are f = .10, 
.25, and .40 to represent small, medium, and large effect sizes. When these f 

2 2 

values are converted into P values they beccroeP = .0099, .0588, and .1379, 
respectively. These values chDsen by Cohen were chosen on the basis of the stan- 
dardized difference between group means in the population not on their relative 
freqLiency of occurrence in the research literature (Cohen, 1969, pp. 277 - 281) . 

Several unbiased estimtes of p2 were calculated from statistical tests 
reported in educational research articles in order to select a "trivial" effect size 
in this investigation. A formula suggested by Oohen and Oohen (1975, p. 106) was 
used to obtain unbiased estimates of p2 . ^rhis formula is the same as the 
shrinkage formula for presented by Kerlinger aid is^dhazur (1973, p. 283). 
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J2 =dfiCF-l) 

df2+ (df;^^) 

where =the unbiased estimate of (i^ 

df 2^=the degrees of freedom nunerator of the F ratio 
df 2=the degrees of f reedcm denoniiiator of the^F ratio 
F=the sarnple F Vc li:^ 

A total of 58 unbiased estimates of were ccnputed fron articles in 

eight i.ssues of the American Ed u cational Research Journal , and randomly se*- 

lected issues of the Joiimal of Educational Measurement , and Experimental 

Child Psychology . No more than three F and/or t values were evaluated from 

any one study so that any massive study would not overwhelm the results. Table 

I presents the centile values for the frequency distribution of the 58 estimates 

including the f values for comparison. 

Table !• Centile Values for a Distribution of 58 Unbiased Estimates of 
A- 

p"- and f Ta>;.en from Educational Research Journals 



PejTcentile- rank 


A 


f 


10 


,06 


.25 


25 


.12 


.37 


50 


.17 


.45 


75 


.3^ 


.69 


90 


.59 


1 20 



The nvedian value was .17, reflecting that 17% of the variance was the 
typical amount accounted for by the linear model used in the statistical test. 
This median value is larger than Cohen's ''large" effect size of P =.1379 
and his "medium" effect sxze of =.0588 fell at the tenth percentile in this 
distribution. On the basis of the literatiu:^ review and Cohen's suggestions t\\o 
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"trivial" effect sizes were d-iosen to define the noncentral F distributic^ns in 
this study: -.0099 and .06. 

Generation of Critical _F Values on the Noncentral Distribution 

The noncentral beta form of the noncentral J' distribution was used in 
this process Gl^iner, 1971, p. 832). When this noncentral beta density function 
was integrated the cuiTrnu].ative distribution function for fixed factors was: 
P(R,^^ Ro|p1a,b)=e"Vk^ T r2 (ija+i^Jjb) 
Wltere = an observed sanple coefficient of determination 

- the population coefficient of determination 
a = the degrees of f reedan numerator 
b = the degrees of freedon denoninator 
]c = Jj X , with being the noncentral parameter 

= the incarplete beta function 

Hhis equation was used to solve for F(a,b, X ) iterating on the ample r2 value 

until the error was less than 10"^*. 1*he conputer Foftware requires the user 

to Sfct the "trivial" effect size value in the program and then to supply the 

desired level of significance and df to get the appropriate critical J' value on 

the noncentral _F distribution. The obtained yalues of were expressed as_F 

values using the following formula: 

FCa,b) =R2/a 

{t%)/b 

Four tables of critical _F values are presented at the ejTd of this paper for 

A? 

the noncentral F distributions defined oy two effect sizes, P =.0099 and .06, 
and by various df at two levels of significance (3 - .05 and .01) . In order to 
support H^^ using this method one would want to lind a sanple_F value equal to or 
smaller than the critical _F value. 
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EJcanples of Ho Support Procedure 

Naniboodiri^ Carter^ & Blalock (1975rp,99) present an exanple of 
a one-vray P^VJJA in v;hich three groi:ps each of fifteen subjects are corpared to 
determine the effectiveness of three teaching techniques. If the experijtienter 
had wanted to s\:5)port the hypothesis that all three groups, on the average^ 
did equally well on the achieveinent test he would need to si5)ix:>rt the traditional 
Ho. For the purposes of this paper^ assume that the investigator had detentiined 
a priori that the snallest airount of variance accounted for by knowledge of 
gro\:p manribership in predicting achievenent scares was 6% or r =.06. and that 
a significance level of .0?j was desired. T!hx\s, the effect size would be 
P^=.06 and 3=.05. Using the tables included with this paper, the critical 
F value using the conservative degrees of freedom of 2,30 would be .143 (the 
exact F value at dj^2,42 is .203 ) . The observed F value in this exairple was 
.10 which is smaller than the critical value needed to retain Ho at the .05 
level of significance. The e:^)eriinenter would have ' m able to concl.ude 
tiiat the three teaching techniques yielded equal means on the achievement test 
with Type II error controlled at .05. 

A second exanple could be taken from Kohout*s 1974 study in vM.ch 
an ABA design was used. Kohout investigated the effects of positive verbal 
stimuli on the response rate of part-word repetitions in stutterers. No 
stimulation was presented by the experimenter during che or A2 baserate 
and extinction periods and the verf>al stiniuli were presented contingent 
upon the occurrence of a port-word repetition during the ej^perirnental (D) period. 
As described previously , the and A2 response rates must be shown to be 
equiveiLent in order to conclude that a change during the experimental period 
was due only to the e^q^erimental variable. 
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If Kbhout were to re-do her statistical analysis using the Ho 
support procedure instead of concluding no difference on the basis of 
a non-significant traditionr.1 Ho test she would be able to retain ^i6:• r 

Hb:p . -p =0 
Ai A2 

Ha: y^^-y ^?^0 

Let us assume that Kohout decided that a difference of one-half of one 
standard deviation was the smallest difference of consequence. Cohen (1969) 
presents an effect size index of d for the difference between ineans where: 

d=/m2^-m2/ 
s 

This d djidex can be converted into the amount of variance accounted for by a 
linear model using the equation: 

p2=d2 

(d^+4) 

If Kohout chose one-*half of one standard deviation as her effect size the £2 
value would equal .0583 v*iich is close to the tabled effect size of .06. 
Using the .06 value and a level of significance of .01 tha tabled critical 
F value is .001 at df=l,16 (the actual degrees of freedcm should be 1,17 
since there were 18 measures per period) . Tlie observed F value taken frcm 
the Kohout data is .00039 for subject 1 which is smaller than the critical 
value needed to retain Ho so Kohout would have been able to conclude 
that the average response rate of part-word repetitions during the baserate 
and extinction periods was equal. 



Conclusion 

A procedure was developed within hypothesis-testing logic that allows the 
researcher to support a hypothesis that traditionally has been the statistical 
or null hypothesis. The major differences between this procedure and the tra- 
ditional test vAien the goal is to reject is that (1) the researcher must 
choose a "trivial" effect size, C2) the level of significance controlled for 
by the experimenter is the Type II error rate not a Type I error, and (3) a non- 
central sanpling distribution is defined by tJie index of effect size and the df 
upon which the critical region is located. 

Readers are encouraged to review Cohen's work on paver analysis (1969) in 
which he provides several exanples of expressing effect size in terms of f or 

for various research designs • The authors of this paper are currently con- 
ducting a massive review of research literature in various fields for the com- 
pilation of tabled frequency distributions of effect sizes cataloged by area of 
study f measurement level of the variables, and the research design. Hopefully, 
tables of this type would serve as useful guidelines to the choise of a trivial 
effect size for researchers. 

The procedure presented in this paper could be applied in any research 
setting when hypothesis tests are conducted and the desired outccme is to support 
a hypothesis th^t states that the difference between the true and hypothesized 
parameter values is zero- 
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4.208 


3.392 


2.901 


2.249 


1.599 



o 
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W 
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VI 
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Table 3 

Critical Non Central F Values 
Effect Size: p^- = .06" 
1st Percentile 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


12 


16 


20 


30 


60 


1 


0.000 


0.012 


0.033 


0.052 


0.067 


0.079 


0.009 


0.096 


0.102 


0.107 


0.115 


0.126 


0.132 ■ 


0.141 


0.151 


2 


0.000 


0.012 


0.037 


0.062 


0.083 


0.101 


0.115 


0.126 


0.136 


0.143 


o;i56 


0.173 


0.184 


0.199 


0.215 


3 


0.000 


0.012 


0.039 


0.068 


0.093 


0.114 


0.131 


0.145 


0.157- 


0.167 


0.103 


0.204 


0.218 


0.238 


0.253 


U 


0.000 


0.013 


0.041 


0.072 


0.100 


0.123 


0.142 


0.158 


0.172 


0.103 


0.202 


0.228 


0.244 


0.268 


0.293 


5 


0.000 


0.013 


0.043 


0.076 


0.105 


0.130 


0.151 


0.168 


0.183 


0.196 


0.217 


0.246 


0.264 


0.291 


0.321 


6 


0.000 


0.013 


0.044 


0.078 


0.109 


0.136 


0.158 


0.177 


0.193 


0.206 


0.229 


0.260 


0.281 


0,311 


0.344 


7 


0. 000 


0.014 


0.046 


0.081 


0.113 


0.140 


0.164 


0.184 


0.201 


0.215 


0.239 


0.273 


0.295 


0.327 


0.363 


e 


0.000 


O.OlU 


0.047 


0.083 


0.116 


0.145 


0.169 


0.189 


0.207 


0.223 


0.240 


0.283 


0. 307 


0.342 


0.381 


9 


0.000 


0.015 


0.048 


0.085 


0.119 


0.148 


0.173 


0.195 


0.213 


0.229 


0.256 


0.293 


0.310 


0.354 


0.396 


10 


0.000 


0.015 


0.049 


0.087 


0.122 


0.152 


0.178 


0.200 


0.219 


0.235 


0.262 


0.301 


0.327. 


0.365 


0.409 


12 


0.000 


O.OIG 


0.052 


0.091 


0.127 


0.158 


0.185 


0.200 


0.228 


0.245 


0.274 


0.315 


0.343 


0.385 


0.432 


16 


0.001 


0.0x8 


0.057 


0.098 


0.136 


0.169 


0.190 


0.222 


0.243 


0.2G2 


0.293 


0.337 


0.368 


0.414 


0.468 


20 


0.001 


0.021 


0.062 


0.100 


O.a'l^ 


0.179 


0.209 


0.234 


0.256 


0,275 


0.307 


0.354 


0.386 


0.436 


0.495 


30 


0.001 


0.029 


0.077 


0.125 


0.167 


0.203 


0. 234 


0.260 


0.283 


0,303 


0.337 


0.386 


0.421 


0.475 


0.541 


50 


0.009 


0.072 


0.141 


0.197 


0.241 


0.278 


0.308 


0.334 


0.356 


0.375 


0.408 


0.456 


0.490 


0.544 


0.616 


100 


0,000 


0,;?13 


0.20C 


0.333 


0.370 


0.390 


0.421 


0,441 


O.UDO 


0.473 


0.4BO 


0.635 


0.663 


0,60Q 




200 


1.593 


1.101 


0.947 


0.871 


0.826 


0.799 


0.782 


0.770 


0.761 


0.754 


0.'747 


0.741 


0.740 


0.746 


0.769 


500 


11,050 


5.928 


4.219 


3.3G5 


2.053 


2.512 


2.255 


■2.000 


1,943 


1,030'. 


1.662 


1.450' 


1,320 


1.164 


1.010 


1000 


31.965 


16.438 


11.263 


8.G59 


7.111 


6.067 


5.323 


4.772 


4.337 


3.996 


3.473 


2.829 


2,441 


1.925 


1.413 



20 



Table 4 i ' 

Critical Non Central T Values 

Effect Size.* ' p^ = . 0099 , 

5th Percentile , 
df. 



, 7 8 



1 


0.006 


0.055 


0.100 


0.132 


0.154 


0.169 


2 


0.005 


0.05U 


0.107 


0.1U6 


0.176 


0.197 


3 


0.005 


0.05U 


0.110 


0.155 


0.188 


0.21U 


U 


0.005 


0.05U 


0.113 


0.160 


0.197 


0.225 


5 


0.005 


0.05U 


O.llU 


0.16U 


0.202 


0.233 


6 


0.005 


0.05U 


0.116 


0.167 


0.207 


0.238 


V 


0.005 


0.054 


0.117 


0.169 


0.211 


0.2U3 


8 


0.005 


0.055 


0.118 


0.171 


0.2m 


0.2U7 


9 


0.005 


0.055 


0.118 


0.173 


0.216 


0.251 


10 


0.005 


0.055 


0.119 


0.17U 


0.218 


0.253 


12 


0.005 


0.056 


0.121 


0.177 


0.221 


0.258 


16 


O.OOU 


0.057 


0.123 


0.180 


0.227 


0.265 


20 


0.005 


0.057 


0.125 


0.183 


0.231 


0.270 


30 


0.006 


0.060 


0.130 


0.190 


0.239 


0.279 


60 


0.009 


0.071 


0.145 


0.206 


0.257 


0.290. 


ICQ 


0.009 


O.OBU 


0.165 


0.229 


0.279 


0.321 


200 


0.030 


0.137 


0.227 


0.290 


0.339 . 


0.370 


500 


0.382 


0.it66 


0.505 


0.5^0 


0.562 


0.57G 


1000 


2.29U 


1.515 


1.256 


1.111 


1.037 


0.990 



0.181 C.190' 0.190 

0.2m 0.227 0,230 

0.23U 0.250 0.263 

0^247' 0.265 0.200 

0.257 0.276 0.292 

0.26U 0.205 0.302 0.316 0.339 0.370 0.390 O.UlO 0.449 ^ 

0.270 0.291 0.309 

c 

0.275 0.297 0.316 0.332 0.357 0.392 0.415 0.447 0.482 



0.279 0.302 0.321 0.330 0.364 0.400 0.424 0.458 0.496 oi* 
dfj 10 0.005 0.055 0.119 0.174 0.210 0.253 0.282 0.306 



0.296 0.322 



0.333 0.363 



0;59l 



10 


12 


16 


20 


30 


60 


0.204 


0.i213 


0.225 


0.232 


0. 242 


0.252 


0.247 


0.261 


0.279 


0. 290 


0'. 305 


0.321 ' 


0.273 


0.290 


0^313 


0. 327 


0. 346 


0 . 3G6 


0,292 


0. 311 


0 337 


0 . 353 


n 37fi 


n unn 


0. 305 

\r • Www 


0 . 327 


0 355 

w • 0 w w 


n 37U 


n unn 


n U97 


0 . 316 


0 339 




0 390 




n liUQ 


0. 325 


0 .349 


0 389 


0. U03 


0 U3U 


0 U67 


0.332 


0.357 


0.392 


0.415 . 


0.447 


0.402 


0.330 


0.364 


0.400 


0.424 


0.458 


0.496 


0.343 


0.370 


0.400 


0.433 


0.460 


0. 500 


0.351 


0.300 


0.420 


0.446 


0.405 


0.528 




0 '^QU 

u • oy H 








U . 9 JO 


0.372 


0.404 


0.450 


0.400 


0.526 


0.580 


0.306 


0.420 


0.4P9 


0.i:03 


0.554 


0.615 


0.409 


0.446 


0.4J0 


0.535 


0.592 


0.665 


0.431 


0.4G7 


0.520 


0.557 


0.G16 


0.693 


0.478 


0.511 


0.559 


0.594 


0.G50 


0.726 


0.623 


0.642 


0.667 


0.600 


0.722 


0.776 


0.902 


0.802 


0.057 


0.046 


0.037 


0.044 



o 

0t288 0.313 0.333* 0.351 0.380 0,420 0.UU6 0.U85 0.528 

(ft 



QJ 

0.329 0.352 0.372 O.UOU 0.U50 0.U80 0.526 0.580 
0.3U1 0.365 0.386 0.U20 0.UP9 0.^03 0*55^ 0.615 }f 



0.355 0.38U 0.H09 0,431 0.UG7 0.520 0,557 0.G16 0.693 



0,961 0.934 0.913 0.902 0.802 0,857 0.0M6 0.837 0.8'lU 



Table 5 



Ci-'itical Non Central F Values 

2 

Effect Size: P = .0099 

t 

1st Percentile 
dfi 





1 


2 


3 


4 


5 


6 


7 


1 


0.000 


0.010 


0.030 


0.048 


0.062 


0.074 


0.083 


2 


0.000 


0.010 


0.033 


0.055 


0.076 


0.093. 


0.106 


3 


0.000 


0.010 


0.035 


0.061 


0.084 


0.104 


0.120 




0.000 


0.010 


0.035 


0.064 


0.090 


0.111 


0.130 


5 


0.000 


0.010 


0.035 


0.066 


0.093 


0.117 


0.137 


6 


0.000 


0.011 


0.037 


0.060 


0.096 




0.142 


7 


0.000 


0.011 


0.033 


0.059 


0.098 


0.12U 


0. 146 


e 


0.000 


0.011 


0.030 


0.070 


0. 100 


0.127 


0*150 


9 


0.000 


0. oil 


0.038 


0.071 


0. 101 


0.129 


0 . 152 


if2 10 


0. 000 




\J • \Joo 


n. 071 


0. 103 


0»131 


0.155 


12 


0.000 


0.011 


0.039 


0.073 


0.105 


0.134 


0.159 


16 


0.001 


0.011 


0.040 


0.075 


0.100 


0.130 


0.165 


20 


0.001 


0.011 


0.041 


0.076 


0.110 


0.141 


0.169 


30 


0.001 


0.012 


0.042 


0.079 


0.114 


0.147 

t 


0.176 


60 


0.002 


0.014 


0.047 


0.006 


0.124 


0.150 


0.189 


100 


0.003 


0.017 


0.054 


0.096 


0.135 


0.171 


0.202 


200 


0.006 


0.027 


0.075 


0.124 


0.165 


0.202 


0.235 


500 


0.015 


0.114 


0.188 


0.241 


0.285 


0.319 


0.348 


^1000 


0.702 


0.626 


0.501 


0. 589 


0.594 


0.597 


O.GOO 



0 



10 



12 



16 



20 



30 



60 



0.090 

0.117 

0.134 

0.145 

0.153 

0.160 

0.165 

0.169 

0.173 

0.176 

0.181 

0.100 

0.193 
0.202 
0.216 
0.230 
0.263 
0.370 
0.602 



0.096 0.101 
0.126 0.134 
0.145 0.155 
0.158 0.169 
0.168 0.180 
0.175 0.109 
0.102 • 0.196 
0.107 0.201 
0.191 • 0.206 
0.195 0.211 

I 

0.201 ' 0.217 
0.209 . 0.227 



• 0.215 

I ' 

0.225 
0.241 



0.234 
0.245' 

I 

0.263 



0.256 0,278 
0.200' ;, 0.311 
.0.391 0.411 
0.603 . 0.611 



0.108 


0.118 


0.125 


0.134 


0*143 


0.146 


0.163 


0.173 


0.180 


0. 203 


0.170 


0.191 


0.205 


0.224 


0.245 


0.187 


0.212 


0.229 


0.252 


0.277 


0.200 


0.229 


0.247 


0.274 


0. 303 


0.211 


0.242 


0.262 


0.291 


0. 324 


0.219 


0.252 


0.274 


0.306 


0. 342 




u • Z 0 X 




0 . 319 


0 . 358 


0.232 


0.269 


0.'294 


0.331 


0.372 


0.237 


0.275 


0.302 


0.340 


0. 305 


0.246 


0.287 


0. 315 


0.357 


0.405 


0.258 


0.303 


0.334 

1 


0.381 


0.430 


0.266 


0.314 


0.'347 


0.399 


0.461 


0.200 


0.332 


■ 0.'369 


0.428 


0.501 


0.300 


0. 358 


0.399 


0.467 


0.556 


0. 317 


0.376 


0.419 


■ 0.490 


0.507 


0. 3,40 


0.407 


'0.449 


. 0.521 


0.622 


0.441 


0.489 


•.0'.524 


'0.583 


0.671 


0.617 


0*638 

' . » . 


6.651 

1 ■ . 

1 


.0.680 


0.731 



ERIC} 
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